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How to look for HT at LHC

) 1T My <Mygp
use tf production with t -> bH*, HE -> tv (c9)

i) If My > My, (Moreinteresting)
production studied in detail up to now:

gg ->tbH™
followed by H ->1tv or H" -> tb

lar gest reach obtained in H™ -> tv, T -> hadronic decay (“1-jet”)



In some cases (yy, bb) the neutral Higgs bosons
may be hard to distinguish from the Standard

Model Higgs at LHC []

Observation of a charged Higgs would clearly
signal that there i1s physics beyond SM (SUSY)



H™ production in gb -> tH* and gg -> tbH*
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prancning rauo

Example with large stop mixing and light stop: A; = 1400 GeV, Mg, = 200 GeV
Appearence of sparticle decay modes
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H* ->1v in tbH? production

- Signal and backgrounds generated with PYTHIA
+ TAUOLA to account for t-spin correlations

- Main backgrounds considered.:
tt, Wtb, W+jets

Detector response simulation:
1) b-tagging aspects studied in detail with CMSIM and
parametrized for fast smulation
1) fast CM Sdetector smulation (CM SJET)



It turnsout that H* -> v with T->T1E+ Vv
ISsthe most promising channel thanksto the spin

correlationsin thismode as pointed out to us
by D.P. Roy



T polarization in H™ -> tv

Spin correlationsint™ => v fromH™ -> t™v and W* -> 17v:

v H T V + T
- + + -
Vv + Tt TT + VvV
- T - - T ——m»
« #

H™ -> t"v leads to harder pionsfrom 1" —> 1i'v and from the longidutinal
components of p and a; than the corresponding decaysin W' -> 1*v

Main contributions to 1-prong 1 decays:
T —> TV 12.5%
" —>pv —> il 26%
" —>ayv >y 7.5%



Fraction of 1-jet energy carried by a single pion

T decay with TAUOLA, all hadronic 1t decay channelsincluded
Reconstructed T-jets, E,"/® > 100 GeV
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L arge background reduction is obtained with the T selection:

Selection efficiency for H" (200,15)  H™(400,23) tt

E,"1® > 100 GeV 28.1% 65.4% 8.2%
phadron/ gTiel s 08 26.4% 27.4% 5.2%

Total T selection 7.4% 17.9% 0.4%



Event selection for toH™, H -> v, T-> hadron + X, t -> jets

jet, E;>100 GeV, |n | < 2.5 containing

T selection: one track with r = p"/ E/¥ > 0.8, AR(jet,track) < 0.1

Missing E; cut: E;™SS > 100 GeV

W and top mass in addition 3 jets (excluding T-jet) with E; > 20 GeV
reconstruction: minimization of X = (my; - My, )% + (Myj; - Mygp )
Imj; - myy | <20 GeV, 110 GeV < m;;; < 220 GeV

B-tagging: jet not assigned to W is b-jet canditate: E; > 30 GeV,
efficiency of 50% for b-jets, 1.3 % for non-b-jets assumed

Selection further improved by:

Secondtop veto:|  m(t-jet, ESS jet) > 300 GeV

Ag-cut Ap(t-jet, EMS) > 60°




Events for 10° pb™'
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Small opening angle for tt
background dueto hard E;

cuts and hadronic decay of
the associated top

For Ag(tjet,EMS) > 60°
almost background-free
signal can be obtained



Events for 10° pb™ / 10 GeV
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Top and W mass

_ . . ‘2 2
Reconstructed minimizing (mjj - Mygp)” + (Mjj - Myy)
pileup of 2 minimum bias events superimposed
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Efficiency for selection cuts, signal and backgrounds, 1033cm”

My, tanf3

E; > 100 GeV
o El€>0.8
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E,™SS > 100 GeV
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reconstruction:
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Signal superimposed on the total background, 3*10*pb™t

Events for 3x10%b™" / 20 GeV

with basic selection cuts, m, =400 GeV
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Events for 3+10%b™ / 20 GeV
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Events for signal and backgrounds for 3*10*pb™* with selection cuts

Signal, my =200 GeV, tanf3 = 15
Signal, my =400 GeV, tanf3 = 23
Signal, mp, = 600 GeV, tanf3 = 40

tt
W+ et
Wtb

Total background

m;V>100Gev  myV>100GeV  AQT-jet,E™) > 60°

Migp2 > 300 GeV

17.0 13.1 125
10.7 9.6 10.2
11.0 10.2 10.6
24 24 <0.8
<0.6 <0.6 <0.6
<02 <0.2 <0.2
2.4 24 <1



A 4-parameter fit of theform: dN/dmy ~ JD(Z) dz/V Mg - mp?
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H™ mass deter mination as a function of tanf3

intbH™, H™ -> 1v

My, = 300 GeV

Statistical errors only
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ATLAS Potential for H i.

Relevant channels for ATLAS:

H*¥ — 1v
— th, t¥b
— Wh, W*h

Production: mpy+ < my

pp — tt
t — HTb
t — Wb

Production: mg+ > my
gbp — tH*
99/a¢ — tH D

With ¢t — Wb. For final states up to 3 b-tags, both
processes contribute.

N /

ATLAS Week, October 5 2000 1 Kétévi A. Assamagan




pp — tH=, t — jjb, HF — 1v. (my+ > my)

Thus requires a multi-jet trigger and a 7—trigger!
Also good 7 identification efficiency and jet rejection

e Signal, H* — 7t tan B = 40, my+ = 250 GeV,
o x BR=0.91 pb.

e Backgrounds:
— pp — tt — WbWb, 0 x BR =84 pb
— pp — W + jets, 0 x BR =1.6410* pb
with one W — 7v and the other W — 35

e Take advantage of differences in 7 polarizations:
For 1-prong decays,

Vo 7" Vo T
—> < > —>
: 7+ W; ﬁ T
<« —>

Harder m from 7 —> v and
longitudinal p and a, in H' than W*

Use inclusive 7 decays (not just 1-prong) but with
T-polarization



pp — tH=, t — jjb, HF — 1v. (my+ > my)

e Take advantage of differences in kinematics

£ 12 [ =500 cev. tong=50,_ signar. 800 L T
S 1ok i ] 700 F E
% - m,=250Cev ! - 600 | & ol E
8 [tong=4 e — 500 ; pr e é

§ 6 N i
4+ 4 300 F E

2 Lovie™ bjetvet - 200 E

0 e ,o‘,""‘;em‘vggev I 108 o ‘ e

o 1 2 3 4 o 1 2 3 4

A (pyT,pymiss) A (pyT,pymiss)

e Reconstruct the transverse mass

gb-tH", t=jjb,H - 1v
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e Channel almost background free. Discovery limited
by signal size itself. Reach extended to ~ 700 GeV,
tan 3 > 10!
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t — bH* — br¥v (mp+ < my)

Signal:

pp — tt
t — bHT — brTv, — bhadronsv.

t — bWT(HT) — bliFy (Fuyy,)

Backgrounds: pp — tt, W + jets, bb

Search for 1 hadronic 7, 1 isolated lepton, > 3 jets
(with 2 b-tagged)

mp+ cannot be reconstructed. Signal appears as

an excess of 7 leptons

tan 8 =5 and my+ = 130 GeV, 0 x BR =13.1 pb

~1200 7 from H=*
~2500 7 from W=
~3400 fake 7's
Significance = 6.6 (3% systematics on fake 7
efficiency)

Discovery possible for mg+ < m; — 20 GeV over

most of the tan J range. /

ATLAS Week, October 5 2000 1 Kétévi A. Assamagan
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\\ Discovery possible up to 400 GeV (tan (8 > 15)

pp — tHT (my+ > my)

H* —th,t - Wb—lyband t — Wb — jjb

e Signal: tan 8 = 30, my+ = 250 GeV,

o x BR = 1.2 pb.

e Background: pp — ttb, 0 x BR = 228 pb

e 1l, 3 b-tagged jets and at least 2 non b-jets

o W —lvand W — jj

e {1 — lvby and ty — 77by inside mass window

e Reconstruct my,, and my,y

— 30 fb~!, tan 3 = 30

and my+ = 250 GeV:

e Signal = 336 events
in mg+ £ 2 x 37 GeV

e S/B=0.21
e S/V/B =284

Events/ 2 GeV

100

50

~

\|\\\
\
\

N

L =30 fb~ 1 \

m,,, = 300 GeV

200

250

300

350

\33§+

ATLAS Week, October 5 2000

1

Kétévi A. Assamagan



/7

™~

‘ATLAS discovery Potential for [/ iI
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Charged Higgsvia s-channel productionin CMS

Production through: gq‘ ->H" -> v

- Cross sections for signal and backgrounds

LO + NLO calculation including 2 -> 2 and 2 -> 3 processes

PYTHIA for fragmentation
TAUOLA for T polarization

CMSIET for detector ssmulation



-

e charged Higgs can be produced in s-channel
process due to light quarks interaction

q¢ — H*, q(¢') = d,u,s,c,b

e H* — 71v, channel

o+ W+

e 7 polarisation
for any tan 3 7-lepton from H* decay has
polarisation opposite to SM case

ESMO(D (PR’yaPL)T EHOCﬂPRT

SM 7(«—) =

H mnpr(—) =

o

~

v,(«—)m = px < Dr, Pv~Dr
v(«—)m = px~pr, Py <L Pr

/

S.Slabospitsky, Physics meeting, February 22, 2001
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e uncertainty in the cross section
s-channel production cross section, ¢ — H*, has
large uncertainty due to masses of light quarks

o(7 — HF) « (m? cot? 8 + m? tan® 5

for My = 300 GeV and tan 5 = 30

mg = m, = 300 MeV  o(H* — 1v) ~ 1.6 pb
mg =9, m, =5MeV o(H* — 7v)~0.07 pb

e we use RPP values for m,

mg =9MeV m,=150MeV my =4.8 GeV
m, =5 MeV m,.=1.25 GeV

My = 200 GeV and tan 8 = 30, 60

tan 3 1 10 30 50
I, GeV 2.83 026 2.3 6.6
Br, % 0.015 16 16 16
o, pb 3x107° 0.078 0.85 2.1

o

~

S.Slabospitsky, Physics meeting, February 22, 2001
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e background processes

o W*(— 1)

two intervals on v/§ are used

W (W) :30GeV < V35 < 150 GeV and
W (H) : 150 GeV < v < /S,

o tt production

o Wbb production

\_

S.Slabospitsky, Physics meeting, February 22, 2001
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e
kLmin = 10 GeV, /5., = 150 GeV
Py | 0(2—2) o(2—3) Ttot
H* 19.4 0.85 0.73 1.0
W*(H) | 16.0 21.1 17.3 26.0
WEW) | 11.4 | 1.8 x 10* 1.6 x 10* | 2.4 x 10*
tt 830
Whb 400
N

S.Slabospitsky, Physics meeting, February 22, 2001
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e signal/background separation

o explicitly one 7-jet,
one charged prong

Eprong > 10 GeV, Roone = 04, rgcar, = 0.15,

EECAL/ETOT > (.92

o Rir = Eprong/Er > 0.85

o no additional hadronic jets with P+(.J) > 20 GeV

& Ermis, By > 50,60 GeV

o [L=30fb"! My =200GeV, Ry > 0.85

cut Bkg 30 5| 50 3
Ry 3.3x10% | 1366 0.75 | 3304 1.82
Er > 50 2872 505 9.2 | 1222 228
Er > 60 1693 350 8.55 | 848  20.6

o

S.Slabospitsky, Physics meeting, February 22, 2001
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4 N

e signal and backgrounds have similar shapes
W= is produced mainly in light quarks annihilation,

since N(u,d) > N(u,d)
oc(WH)>c(W™)= N(t7)> N(r")

H= is produced due to interaction of heavy s, ¢, b
quarks, since N(Q) = N(Q)

oc(H")~o(H )= Ny(t") =~ Ng(1t7)

Ry =0.85, E50 = Er > 50, £E60 = Er > 60

cut | A, (W) A.(H),30 | A, (H),50

Rg | 0.11 4+ 0.001 0.110 £0.001 | 0.110 &= 0.001
E50 | 0.189 £0.019 | 0.167 £0.017 | 0.145 £ 0.016
E60 | 0.234 £0.025 | 0.197 £0.023 | 0.163 = 0.020

o J

S.Slabospitsky, Physics meeting, February 22, 2001 /13




Conclusions

1 Charged Higgs can be discovered in the process
gg ->tbH™, H" -> v, T -> hadrons+v, t -> qqgb
In alarge part of the parameter space:

tanf>10at my, ~200 GeV
tanB>20at my, ~400 GeV

- Mass determination may be possible with < 2% precision,
preliminary result - systematics still to be understood

[J With H" -> tb discovery possible up to ~ 400 GeV, tanp > 15

[] T(H"->tb)/T(H"->1t) could provide a measurement of tanf



